Introduction
Unlike written language, where word boundaries are often denoted by blank spaces (e.g., le_chat 'the_cat'), for spoken language, no single device allows for the reliable identification of word boundaries: Words are typically uttered without a pause between them, and phonological processes alter the phonetic realization of words and further blur word boundaries. One of the crucial challenges for second/foreign language (L2) learners is that the cues to word boundaries differ across languages. Thus, an English speaker's experience with her native language may prove misleading when attempting to segment speech in a new language such as French. L2 learners often can identify words in writing or when spoken in isolation, and yet they may fail to recognize them in continuous speech. To segment language into words, it is not sufficient for non-native listeners to know the word forms uttered by the speaker; they must also know the phonological processes that apply within and across words and the factors that regulate the application of these processes.
One factor that has been shown to play an important role in speech segmentation is prosodic prominence. For example, from the age of 7.5 months, Englishacquiring infants use accented syllables to identify word-initial boundaries (e.g., Jusczyk and Aslin 1995; Jusczyk, Houston, and Newsome 1999) . Young infants are also sensitive to higher-level prosodic information: In English, they can detect disruptions in intonational phrases at the age of 4.5 months (e.g., Hirsh-Pasek et al. 1987; Jusczyk et al. 1992 ) and disruptions in phonological phrases at the age of 9 months (e.g., Kemler-Nelson et al. 1989; Gerken, Jusczyk, and Mandel 1994) ; and in French, they can detect phonological phrase boundaries at the age of 13 months (Christophe et al. 2003) . Adults have similarly been shown to use both accentual cues (e.g., in English: Cutler and Butterfield 1992; McQueen, Norris, and Cutler 1994; Cooper, Cutler, and Wales 2002; Mattys 2004; in French: Banel and Bacri 1994) and higher-level prosodic cues (e.g., in French: Christophe et al. 2004; Welby 2003 Welby , 2007 in Korean: Kim 2004; Kim and Cho 2009; in Japanese: Warner, Otake, and Arai 2010) to segment speech into words.
By comparison, relatively few studies have examined non-native listeners' use of prosodic information in word recognition and speech segmentation (e.g., Cooper et al. 2002; Sanders, Neville, and Woldorff 2002; Mettouchi, Lacheret-Dujour, Silber-Varod, and Izre'el 2007; Tremblay 2008; Tyler and Cutler 2009; White, Melhorn, and Mattys 2010; Kim, Broersma, and Cho 2012) . Doing so becomes particularly interesting when the native and target languages differ not only in their prosodic structure, but also in the primary acoustic cues associated with word boundaries. In such cases, L2 learners must map these cues to the correct word boundaries before their segmentation of words from speech can be rapid and efficient. Failing to establish the correct mapping between these cues and word boundaries can, at best, make the word recognition process difficult, and at worst, impede L2 learners from making higher-level prosodic generalizations (e.g., Tremblay and Owens 2010; for discussion, see Carroll 2004) .
The present study investigates whether English speakers at mid and high proficiencies in French can learn to use prosodic information for segmenting French speech into words, and how their use of this information unfolds as their proficiency in French increases. French and English differ both in their prosodic structure and in the primary acoustic cues associated with word boundaries. This pairing of native and target languages thus provides a crucial window for examining the processes that underlie L2 learners' extraction and use of prosodic cues in the speech signal. We will present the results of two word-monitoring experiments, one with natural stimuli and one with resynthesized stimuli, that shed further light on these processes.
We begin with an overview of the prosodic structure of French and the cues it provides for locating word boundaries; we then review research on the use of prosodic information in the segmentation of French and English speech, and make predictions for the L2 learners in the present study; finally, we present the method and results of our two experiments, and discuss their implications for understanding the development of L2 speech segmentation.
Prosodic structure of French
Several models have been proposed to explain the prosodic structure of French (e.g., Fónagy 1980; Hirst and Di Cristo 1984; Mertens 1987; Pasdeloup 1990; Di Cristo and Hirst 1993; Vaissière 1997; Di Cristo 2000; Post 2000; Jun and Fougeron 2000, 2002; Astésano 2001; Welby 2003 Welby , 2006 Vaissière and Michaud 2006; Astésano, Bard, and Turk 2007) . Of particular importance for this study are the different prosodic cues that have been proposed to coincide with word edges in French. To the extent that different intonational models propose similar cues to word edges, they can make similar predictions for the segmentation task that E nglish listeners face when learning to segment French speech. However, we limit our review to proposals articulated within the autosegmental-metrical framework, namely Jun and Fougeron's (2000, 2002) and Welby's (2003 Welby's ( , 2006 ) models (for a more complete literature review, see Jun and Fougeron 2000, 2002) . We chose models within this framework for ease of cross-linguistic comparisons, as several autosegmental-metrical models have been proposed for explaining the intonational structure of various languages (see Jun 2006) . Jun and Fougeron (2000, 2002) propose that the smallest prosodic domain in French is the Accentual Phrase (AP), which corresponds roughly to Verluyten's (1982) Accentual Group and Di Cristo & Hirst's (1993) Rhythmic Unit but which does not always coincide with Nespor and Vogel's (1986) syntactically defined Phonological Phrase (PP) (see also Post 2000; Michelas and D'Imperio 2011) . Each AP contains a pitch accent (*) at its right edge, as shown in (1). This pitch accent is bitonal, consisting of a low (L) tone and a high (H) tone, except in final position of declarative sentences, where only the L tone surfaces before a falling Intonational Phrase (IP) boundary (L%). In neutral (i.e., non-contrastive) prosodies, the final tone of the pitch accent is predictably anchored to the last (usually non-schwa) syllable of the last word in the AP; it thus coincides with a wordfinal boundary, and functions as an edge tone. The acoustic correlates of accented syllables include both an increase in duration and, in non-utterance-final position, an increase in fundamental frequency (F 0 ), with the F 0 peaking near the end of the metrically prominent syllable (i.e., its vowel or its coda consonant; Rolland and Loevenbruck 2002; Welby and Loevenbruck 2006 ; see also Astésano 2001 Additionally, APs can have a bitonal phrase-initial accent (LHi) at their left edge, as illustrated in (2). The phrase-initial accent is structurally different from the pitch accent in that it is optional (in short APs, it is either absent or not fully realized), it is not associated with a metrically prominent syllable, and its L tone is associated to the left edge of the first content word of the AP and may have a s econdary association to the left edge of the AP or another syllable edge (Jun and Fougeron 2000, 2002; Welby 2003 Welby , 2006 . 1 The Hi tone, when present, typically occurs on content words rather than on function words, and its location varies as a function of the number and length of the content words inside the AP, with a tendency for it to occur on the first syllable of the first content word in the AP (Jun and Fougeron 2000, 2002; Welby 2003 Welby , 2006 . The primary acoustic correlate of the Hi tone is an increase in F 0 (e.g., Rolland and Loevenbruck 2002; Welby 2006; Welby and Loevenbruck 2006 ; see also Astésano et al. 2007 ). The phrase-initial accent may also be accompanied by strengthening of the onset consonant of the first content word in the AP (e.g., Pasdeloup 1990; Di Cristo 1998; Fougeron 2001) . When an AP contains both an LH* pitch accent and an LHi phrase-initial accent, the F 0 peak of the pitch accent is often higher than the F 0 peak of the phrase-initial accent, despite any downdrift effects (e.g., Rolland and Loevenbruck 2002; Welby 2003 Welby , 2006 . In short APs, it has been suggested that it is the L tone of the phrase-initial accent and the H* tone of the pitch accent that surface, creating a "hybrid" F 0 rise (e.g., Jun and Fougeron 2000, 2002; Welby 2003 Welby , 2006 Welby and Loevenbruck 2006) . This hybrid rise is exemplified in the first AP of (1). Given their alignment with (respectively) the right and left edges of APs, pitch accents and phrase-initial accents can provide cues to, respectively, right and left word boundaries in French. Let us now turn to studies showing that French l isteners indeed exploit prosodic cues to pitch accents and phrase-initial accents when recognizing words in continuous speech.
Use of prosodic cues in the segmentation of French and English speech
Because pitch accents predictably fall on the last syllable of APs in French, they are reliable cues to phrase-final, and thus word-final, boundaries. A number of studies have indeed shown that native French listeners use prosodic cues to pitch accents for segmenting the speech stream into words. For example, Banel and Bacri (1994) found that French speakers who listened to phonemically ambiguous sequences (e.g., / bagaʒ/ ) were more likely to hear a single disyllabic word (e.g., bagage 'luggage') if the duration of the second syllable had been increased, as should be the case if the second syllable was accented, and they were more likely to hear two monosyllabic words (e.g., bas gage 'low pledge') if the duration of the first syllable had been increased, as would be the case if the first word was a ccented. Bagou, Fougeron, and Frauenfelder (2002) similarly showed that French listeners used both increased duration and F 0 rise to segment an artificial language into words, with the latter yielding slightly more accurate segmentation than the former (see also Bagou and Frauenfelder 2006) .
In a series of online experiments, Christophe et al. (2004) provided further evidence that phrase-final prosodic boundaries (and pitch accents) mediate lexical access in French. In particular, they examined whether native French listeners segment word-final boundaries at the offset of PPs (that coincided with APs). They found that monosyllabic words such as chat 'cat' were recognized more slowly when they were temporarily ambiguous at the phonemic level with a competitor word created between the monosyllabic word and the first syllable of the word following it (e.g., chagrin /ʃagʁε/ 'heartache' in [d'un chat grincheux] PP 'of a cranky cat') than when they were not temporarily ambiguous with such a competitor (e.g., [d'un chat drogué] PP 'of a drugged cat'). However, if the monosyllabic word was at a PP-(and AP-)final boundary and thus received a pitch accent (e.g., [le gros chat] PP [grimpait aux arbres] PP 'the big cat was climbing trees'), the target word was no longer recognized more slowly when it was temporarily ambiguous with a competitor than when it was not (e.g., [le gros chat] PP [dressait l'oreille] PP 'the big cat was sticking up his ears'). These findings suggest that PP-final boundaries, which here coincided with AP-final boundaries and thus were marked with a pitch accent, acted as filter and constrained lexical access.
Using a similar task, Michelas and D'Imperio (2010) PP 'lush pine trees'), demonstrating segmentation facilitation from the cues associated with the prosodic boundaries of the AP. They attributed the lack of effect of lexical ambiguity in their results to the fact that their experiment did not reinforce lexical ambiguities with filler items -it did not contain true lexical ambiguities where, for example, a monosyllabic target word would have been embedded within a real disyllabic word (e.g., chat in c halet; pins in pinson). It seems more likely, however, that the monosyllabic words (e.g., chat, pins) were recognized more rapidly in AP-and PP-final positions (i rrespective of whether they overlapped with a competitor word) because of their prosodic s aliency (e.g., higher F 0 , longer duration) in these positions as compared to in AP-and PP-internal positions.
Recent research has shown that native French listeners can also use phrase-(i.e., AP-)initial accents to identify word-initial boundaries and access words. Welby (2003 Welby ( , 2007 reported that native French listeners were more likely to hear nonce phonemic sequences (e.g., [melamɔdin] ) as two words (mes lamondines) than as one word (e.g., mélamondines) if the F 0 of the second syllable had been increased. Spinelli, Welby, and Schaegis (2007) similarly found that French listeners could use prosodic information to discriminate between and identify lexical words such as l'affiche 'the poster' and la fiche 'the sheet': Because the Hi tone in the phraseinitial accent is typically aligned with the first syllable of content words, it occurs on the syllable /la/ in l'affiche but on the syllable /fiʃ/ in la fiche. French listeners could use this acoustic information (among other cues) not only in offline tasks, but also in online ones, with target words being activated more when they matched the intended segmentation than when they did not. In a follow-up study, Spinelli et al. (2010) demonstrated that raising the F 0 of /la/ in la fiche resulted in the greater selection and easier recognition of vowel-initial words (e.g., affiche) than if the F 0 had not been manipulated. In their natural stimuli, the disyllabic sequences contained the L tone of the phrase-initial accent (aligned with the offset of /la/ in la fiche and with the onset of /la/ in l'affiche) and the H* tone of the pitch accent (aligned with the offset of the vowel in /fiʃ/ ), indicating that increasing the F 0 i mmediately preceding or following the L tone resulted in more segmentation of word-initial boundaries. This suggests that the prosodic information in phraseinitial accents has an immediate effect on French listeners' word recognition and mediates lexical access.
Not all studies have shown such an effect, however. Bagou and Frauenfelder (2006) report that French listeners exposed to an artificial language benefited from an increase in F 0 in word-initial syllables only when the word also contained an i ncrease in both F 0 and duration in its final syllable. This discrepancy may be due to the fact that the artificial language in Bagou and Frauenfelder (2006) did not contain function words, thus making it difficult to examine the effect of phraseinitial F 0 cues, which tend to occur at the boundaries between function and content words (for discussion, see Welby 2007; Spinelli et al. 2010) . Alternatively, these results might indicate that pitch accents are more reliable cues to word-final boundaries than phrase-initial accents are to word-initial boundaries in French.
English speakers also use prosodic information to recognize words in c ontinuous speech. Unlike French, English has two levels of prominence: one at the lexical level (i.e., stress, whose placement within words varies based on factors such as syllable weight, word class, and affixation but is not completely predictable; for discussion, see Halle and Vergnaud 1987; Hammond 1999) , and one at the phrase level (i.e., accent, whose placement within sentences interacts with factors such as information structure; for discussion, see Ladd 1996) . Pitch accents in English are associated with stressed syllables (e.g., Beckman and Elam 1997) , which, statistically, tend to be word-initial rather than word-final, especially in disyllabic and trisyllabic nouns (e.g., Cutler and Carter 1987; Clopper 2002) . Hence, accented syllables can potentially provide a reliable cue to word-initial boundaries in E nglish.
Many studies have shown that native English listeners can indeed use stress to locate word-initial boundaries in continuous speech. In a juncture perception task where stimuli were barely audible, Cutler and Butterfield (1992) found that E nglish listeners tend to hear word-initial boundaries at the onset of stressed syllables (e.g., achieve her way instead was perceived as a cheaper way to stay). Similar findings were reported in online studies: McQueen et al. (1994) showed that English words were more easily detected when they were the second syllable of nonsense iambic sequences (e.g., mess in /nəmεs/ ) than when they were the first syllable of nonsense trochaic sequences (e.g., mess in /mεstəm/ ), because a word-initial boundary can be detected at the onset of the stressed syllable in the former, but no wordfinal boundary is detected at the offset of the stressed syllable in the latter. Mattys (2004) also found that when stimuli were presented with background noise, stressinitial disyllabic primes embedded in quadrisyllabic nonsense sequences (e.g., /diplənəʊtə/ ) facilitated the activation of matching trisyllabic targets (e.g., notable) more than did stress-final disyllabic embedded primes (e.g., /dipləmɪkae/ ) for matching trisyllabic targets (e.g., mechanic). These findings suggest that prosodic information may be particularly useful for word segmentation in English, especially when lexical information is degraded or absent (see also Mattys, White, and Melhorn 2005) .
In clear speech contexts, however, prosodic information does not appear to fully constrain lexical access in English, perhaps because prosodic cues are highly redundant with segmental cues (in particular, vowel reduction). For example, Cutler and Clifton (1984) and Fear, Cutler, and Butterfield (1995) found that stress had a much smaller effect on word recognition in the absence of vowel reduction; Cutler (1986) reported that segmentally near-identical word pairs differing in stress placement (e.g., forbear) primed each other; and Small, Simon, and Goldberg (1988) found that mis-stressing had little effect on the recognition of noun-verb homographs (e.g., convert). These findings contrast with those of studies in other languages such as Dutch and Spanish, where prosodic cues, which are not as r edundant with segmental cues, have been found to constrain lexical access even in clear speech contexts (e.g., in Dutch: Cutler and Donselaar 2001; Donselaar, Koster, and Cutler 2005; in Spanish: Soto-Faraco, Sebastián-Gallés, and Cutler 2001) .
The primary acoustic correlates of prosodic prominence in English are duration, F 0 , and intensity (e.g., Lieberman 1960; Beckman 1986) , and the importance of each correlate depends in part on the location of the stressed syllable in the word, with F 0 rise being a strong cue to word-initial stress but with increased duration being a stronger cue to stress in non-word-initial positions (Tremblay and Owens 2010) . The close relationship between prosodic information and vowel reduction in English further confirms the importance of duration as a cue to prominence. In French, on the other hand, both F 0 rise and increased duration are strong acoustic correlates of pitch accents in word-final position. This makes the prediction, then, that English listeners should use duration increase, but not F 0 rise, as a cue to word-final boundaries in French, at least at low levels of proficiency.
Using artificial language-learning experiments, Tyler and Cutler (2009) found that both English and French listeners used duration to locate word-final boundaries. They attributed these findings to the universality of duration as a cue to word-final boundaries across languages rather than to the relationship between prosodic information and vowel reduction in English (see also Vaissière 1983; Hayes 1995; Saffran, Newport, and Aslin 1996) . Tyler and Cutler also found, however, that only the French listeners used F 0 rise to locate word-final boundaries; English listeners instead used F 0 rise to locate word-initial boundaries. In a similar study, Kim et al. (to appear) reported that both Dutch and Korean listeners could use duration as a cue to word-final boundaries, but only the Korean listeners initially used F 0 rise as a cue to word-final boundaries, and the Dutch listeners were able to do so only after sufficient exposure to the artificial language. Dutch and English have similar prosodic structures, in that they have two levels of prominence (one at the word level and one at the phrase level), and accented syllables tend to be word-initial in both languages. Conversely, the prosodic structure of Korean is similar to that of French, with prominence being at the phrase level and with a H(*) tone coinciding with word-final boundaries in both languages. The findings of Tyler and Cutler (2009) and Kim et al. (2012) thus suggest that listeners use F 0 cues to word boundaries as a function of the mapping between these cues and word boundaries in the native language.
Since the alignment of F 0 rise with word edges varies cross-linguistically, L2 learners must learn the particular prosodic configuration of the target language in order to use this information successfully in speech segmentation. For the present study, this means that English L2 learners of French must not only learn to parse accented syllables as word-final (rather than word-initial), but also to use F 0 rise as a cue to word-final boundaries. This can potentially be difficult given that the F 0 rise in phrase-initial accents, when present, can also provide a cue to word-initial boundaries in French. Hence, in APs containing both a pitch accent and a phraseinitial accent, English L2 learners of French (and native French listeners) must also distinguish pitch accents from phrase-initial accents and use them to locate, respectively, word-final and word-initial boundaries in continuous speech.
Few studies have examined L2 learners' use of prosodic information in word recognition and speech segmentation. Cooper et al. (2002) showed that when hearing phonemically identical stressed and unstressed fragments (e.g., /kaem/ vs. / kaem/ ), Dutch L2 learners of English were in fact better than native English l isteners at identifying the word to which the fragment belonged (e.g., respectively, campus and campaign). These findings were attributed to the fact that prosodic information is less correlated with segmental information in Dutch than it is in English. Using a similar task, Tremblay (2008) found that French L2 learners of English had much more difficulty than native English listeners in identifying the word to which the fragment belonged. While prosodic information can signal word boundaries in French, for multisyllabic words that begin (or end) with p honemically identical syllables, it does not distinguish between different lexical competitors, thus making it difficult for French L2 learners of English to use this information in lexical access.
Non-native listeners can use prosodic information to segment speech into words, but like native listeners, their reliance on this information depends on the extent to which lexical information is available. Sanders et al. (2002) showed that Spanish and Japanese L2 learners of English had less difficulty detecting phonemes when they occurred in the onset of word-initial stressed syllables than when they occurred in the onset of word-medial stressed syllables. Importantly, this effect was larger when lexical information was missing from the stimuli than when it was present in the stimuli. On the other hand, White et al. (2010) found that Hungarian L2 learners of English recognized trisyllabic words (e.g., corridor) more rapidly when the disyllabic prime they heard was preceded by a lexical word (e.g., anythingcorri) than when it was preceded by a non-word (e.g., imoshingcorri), irrespective of whether the target word and prime were stressed on the first or second syllable (e.g., corridor in anythingcorri and imoshingcorri vs. confusing in anythingconfu and imoshingconfu). These L2 learners' non-reliance on prosodic information is somewhat surprising given that stress is consistently word-initial in Hungarian and thus provides an extremely reliable cue to word-initial boundaries in that language (i.e., even more so than in English). Hence, we would have expected these L2 learners' native prosody to influence their segmentation of English. The fact that stress placement is actually not always word-initial in English may have contributed to decreasing these L2 learners' reliance on prosodic cues to wordinitial boundaries in English. In other words, their non-reliance on prosodic information may suggest that they learned something about English stress.
The present study examines English listeners' use of prosodic information in the recognition of French words. More precisely, it investigates whether English L2 learners of French can learn to use prosodic cues to word-final boundaries for segmenting the speech stream into words, and how their use of prosodic cues changes as their proficiency in French increases. It does so in two experiments, one containing natural stimuli (Experiment 1) and one containing resynthesized stimuli (Experiment 2). Both experiments use an experimental paradigm adapted from Christophe et al. (2004) and Michelas and D'Imperio (2010) , but instead of detecting words that were present in the sentence, the participants were asked to monitor words that were not actually heard in the sentences, but that were created segmentally between a monosyllabic word and the syllable following it (e.g., the target word chalet 'cabin' in a sentence containing chat lépreux 'leprous cat'). In other words, the participants were asked to detect what Christophe et al. and Michelas and D'Imperio called the "competitor" word and push a button as soon as they did. 2 In one condition, the monosyllabic word received a pitch accent, and thus the target word crossed an AP boundary that did not coincide with a PP boundary (e.g.,
[[Le chat] AP [lépreux et légendaire] AP ] PP s'endort doucement '
The leprous and legendary cat is slowly falling asleep'); in the other condition, the monosyllabic word did not receive a pitch accent, and thus the target word was located within an AP (and PP) (e.g., [[Le chat lépreux] AP ] PP s'endort doucement 'The leprous cat is slowly falling asleep'). Unlike some of the previous studies, lexical information was not degraded, but the participants were put under time pressure so as to see whether prosodic information would guide their speech segmentation. Since pitch accents fall on word-final syllables in French and phrase-final boundaries are aligned with word-final boundaries, if the participants use prosodic information in natural speech, they should make fewer incorrect detections of the target word in the across-AP condition than in the within-AP condition. Note that since the participants were asked to monitor the same word in the two prosodic conditions, this experimental paradigm makes it possible to examine the effects of prosodic information independently of the effects of lexical information. In Experiment 1, the acoustic cues to pitch accents (and AP-final boundaries) were not manipulated explicitly, but the relationship between these cues in the stimuli and the participants' proportion of false alarms were examined.
Experiment 1
4.1. Method 4.1.1. Participants Eleven native French listeners (mean age: 27.9, standard e rror: 1.2) and 28 native English speakers (mean age: 23.0, standard error: 0.4) at mid and high proficiencies in French participated in this study. They were undergraduate and graduate students at a Midwestern university in the United States. The participants had normal or corrected-to-normal vision and did not report hearing impairment. They received candy in return for their participation.
The L2 learners had completed at least four semesters of French at the time of the study, and most of them had received little exposure to French before the onset of p uberty. Their proficiency in French was identified with the help of a cloze (i.e., fill-in-the-blank) test independently shown to provide a reliable estimate of proficiency in French (Tremblay and Garrison 2010; Tremblay 2011) . The participants were evenly divided into two proficiency groups (mid, high) on the basis of their cloze test scores. Most of the participants in the mid-level group were third-year undergraduate students in French, whereas most of the participants in the highlevel group were graduate students in French (who teach first-and second-year French classes).
The participants also completed a language background questionnaire in which they specified relevant biographical information. For L2 learners, this information included their age of first exposure to French, their number of years of instruction on French, the number of months they spent in a French-speaking environment, and their percent weekly use of French. The L2 learners' cloze test scores and their biographical information are provided for each proficiency group in Table 1 .
A multivariate analysis of variance (MANOVA) conducted on the L2 learners' language background information, with proficiency level as between-subject variable, reveals a significant effect of proficiency (F [4,22] 4.1.2. Materials The participants heard sentences in which a target word was created segmentally between a monosyllabic word and the first syllable of the disyllabic adjective following it (e.g., chalet 'cabin' in chat lépreux 'leprous cat'). 4 In the across-AP condition, the monosyllabic word received a pitch accent, and the target word crossed an AP boundary (e.g., [[Le chat] AP [lépreux et légen-daire] AP ] PP s'endort doucement 'The leprous and legendary cat is slowly falling asleep'). The first AP contained an LH* tonal pattern, with the L tone belonging to either a phrase-initial accent or a pitch accent and the H* tone belonging to a pitch accent. 5 In the within-AP condition, the pitch accent instead fell on the last syllable of the post-nominal adjective (e.g., [[Le chat lépreux] AP ] PP s'endort doucement 'The leprous cat is slowly falling asleep'). The AP in this condition contained an LLH* tonal pattern, with the first L tone belonging to a phrase-initial accent and the LH* tones belonging to a pitch accent. The sentences in the two conditions shared the first three words (article, monosyllabic word, and adjective). In the across-AP condition, an additional modifier was added in the second AP so that the prosodic boundary after the monosyllabic word would sound natural. The first four syllables of the two experimental conditions thus differed only in their prosody, with chat receiving an H* tone in the across-AP condition and an L tone in the within-AP condition. The F 0 movement of the first four syllables of the stimuli in the two conditions is exemplified in Figure 1 . The experiment also included a control condition in which the target word was in the sentence; prosodically, this condition was identical to the within-AP condition (e.g., [Le chalet suisse] AP est agréable 'the Swiss cabin is pleasant'). The target words in the experimental and control sentences were all the subject of the sentence. A total of 36 (experimental and control) triplets were included in the task. The participants were assigned to one of three lists and saw each experimental or control item in only one condition (total: 12 items per condition). A complete list of the critical determiner-noun-adjective(-adjective) sequences is provided in the Appendix. The experimental and control items were interspersed with 72 distracter items, of which 10 were practice items. The target words in the distracter items were located in different syntactic positions (e.g., subject, object). Half of the trials in the experiment (including both the critical and distracter items) contained the target word, and half did not.
The auditory stimuli were recorded by a female native speaker of French from Bordeaux (France) using a Marantz PMD 750 solid state recorder and headmounted condenser microphone. The speaker was trained to produce the stimuli such that an H* tone would fall on the monosyllabic noun in the across-AP condition but on the last syllable of the post-nominal adjective in the within-AP and control conditions. In both experimental conditions, the peak F 0 of the H* tone was aligned with the AP-final boundary. The H* tone produced on the monosyllabic noun in the across-AP condition was not followed by a pause so that the d isyllabic target word could be erroneously detected. The recordings were then normalized for intensity, and acoustic analyses of the first two syllables in the stimuli (e.g., le chat in the experimental conditions and le cha-in the control condition) were performed in Praat (Boersma and Weenink 2007) . For each syllable, the duration and intensity were measured, and for each vowel within these syllables, the average F 0 and peak F 0 were measured. Table 2 provides the duration and amplitude measurements for the syllables and the F 0 measurements for the vowels.
As can be seen from the acoustic measurements, Syllable 2 and Vowel 2 (e.g., cha(t)) were acoustically more prominent in the across-AP condition than in the within-AP and control ones, whereas Syllable 1 and Vowel 1 (e.g., le) were similar in the three conditions. Paired-samples t-tests were performed on the acoustic measurements of the first two syllables in the three conditions, with the alpha level adjusted to .008 (Bonferroni correction for six comparisons -Syllable/Vowel 1 and Syllable/Vowel 2 in the across-AP, within-AP, and control conditions). The results of these statistical analyses are reported in Table 3 .
For syllable duration, the statistical analyses revealed significant differences b etween the second syllables of all three conditions; for mean F 0 , they yielded a significant difference between the second vowels of the across-AP (e.g. ) conditions. These results indicate that the acoustic cues distinguishing the two experimental conditions were signaled mostly by Syllable/Vowel 2, which had a significantly longer duration, higher mean F 0 , and higher peak F 0 in the across-AP condition than in the within-AP condition. 6 259 (7) 217 (5) 221 (4) Another prosodic cue that could influence the participants' false alarm rates is the possible presence of a Hi tone from a phrase-initial accent at the left edge of APs, here potentially on the first syllable of the adjective following the monosyllabic noun in the across-AP condition and on the monosyllabic noun itself in the within-AP condition. The intonational patterns of the stimuli were thus examined closely to determine whether such a Hi tone had unintentionally been produced. For the stimuli in the across-AP condition, this inspection revealed a steep F 0 fall on the first syllable of the adjective, and no evidence of a second rise in the adjective. Phrase-initial accents in French typically begin with an L tone, and the fall following the Hi tone is usually gradual rather than steep (Jun and Fougeron 2000, 2002) . This suggests that this F 0 fall on the first syllable of the adjective in the across-AP condition was due to the H* tone from the pitch accent on the previous syllable rather than to a Hi tone from a phrase-initial accent. For the stimuli in the within-AP condition, the mean F 0 of the vowel in the monosyllabic noun was similar to that of the vowel in the article p receding it (as shown in Table 2 ). This suggests that the monosyllabic word in the within-AP condition did not contain a Hi tone from a phrase-initial accent. We are therefore confident that the main cue to prosodic boundaries in our stimuli was the H* tone from the pitch accent on the monosyllabic noun in the across-AP condition. The present experimental design can potentially introduce a confounded variable, that of speech rate: The presence of a pitch accent on the monosyllabic noun in the across-AP condition can result in slower speech rate, potentially leading the participants to have fewer false alarms in the across-AP condition than in the within-AP one. To determine whether this was indeed the case, we measured the duration of the noun-adjective sequences in the across-AP and within-AP conditions. These additional analyses revealed that the noun-adjective sequences were in fact shorter in the across-AP condition (M: 667 ms, SD: 14) than in the within-AP condition (M: 701 ms, SD: 13), a difference which is statistically significant (t[35] = -2.71, p < .01). The shorter duration of these sequences in the across-AP condition was likely due to the fact that the two multisyllabic adjectives in the second AP had to be articulated reasonably fast in order to be contained within the same AP. Hence, if speech rate influenced the r esults, it would likely be in the opposite direction to what is predicted from the e xperimental manipulation, with the participants having more false alarms in the across-AP condition than in the within-AP one.
Procedures
The experiment was administered with E-Prime (Psychology Software Tools, Inc.; Schneider, Eschman, and Zuccolotto 2002) . In each trial, the participants saw a target word printed in the center of the computer display. Five hundred milliseconds after the onset of the visual presentation of the word, they heard (through headphones) a sentence containing or not containing that word. They were asked to press "o" (for oui 'yes') if they heard the word in the display and do nothing if they did not hear the word. Their accuracy rates were measured. In order to increase the likelihood that the participants would incorrectly detect the target words that were not in the sentences in the experimental conditions, the participants were put under time pressure when completing the task. Fourteen of the distracter items that contained the target word were followed by a reminder screen that the participants should try to respond faster. The order of item type (e.g., experimental, control, distracter) was the same for all the participants, but the particular test item appearing under each type was randomized across participants.
Data analysis and predictions
Two experimental triplets were excluded, because the wrong recordings had inadvertently been used as stimuli in one of the two experimental conditions. This resulted in the exclusion of 5.5% of the data.
The results will be reported as accuracy rates for the control condition and as false alarm rates for the experimental conditions. Since the former were at ceiling, no statistical analyses were performed on them. For the latter, linear mixed models were performed in SPSS, with prosodic information (across AP, within AP) as fixed within-subject variable and with participants and test items as random variables. The native and non-native listeners' data were analyzed separately due to the uneven number of participants in each group. For the non-native group, proficiency (mid, high) also entered the model as a fixed between-subject variable. To examine the relationship between the participants' ability to use prosodic information and the acoustic cues in the stimuli, linear regression analyses were also performed on the participants' proportion of false alarms with these cues as p redictors.
If the participants use prosodic information to segment French speech into words, they should show significantly lower false-alarm rates in the across-AP condition than in the within-AP condition. Given the findings of previous studies (e.g., Tyler and Cutler 2009), we might also expect to find significant relationships between the native French listeners' proportion of false alarms and the average F 0 in the critical monosyllabic noun, and between the English listeners' proportion of false alarms and the duration of the critical monosyllabic noun. Note that the English listeners' use of duration as a cue to word-final boundaries would not necessarily indicate that they perceive the accented syllables as prominent, since duration is a cue to word-final boundaries (irrespective of stress placement) in English; by contrast, given that F 0 rise and intensity increase do not signal word-final boundaries in English, the English listeners' use of these cues would suggest that they indeed perceive the accented syllables as prominent.
Results
The proportion of correct responses in the control condition indicated that all three groups were successful at detecting the target word when it was in the stimuli (mid-level L2 learners: .95, SD: .09; high-level L2 learners: .95, SD: .08; native listeners: .98, SD: .04). This suggests that the L2 learners' listening skills were sufficiently good to detect French words in continuous speech. Figure 2 shows the native and non-native listeners' mean proportion of false alarms (and standard errors) -that is, their proportion of detection of the target word (e.g., chalet) -in the across-AP and within-AP conditions. Recall that this target word was not in the sentences they heard, but was created segmentally between a monosyllabic noun and the first syllable of the following disyllabic adjective (e.g., chat lépreux). As can be seen from the results in Figure 2 , the participants incorrectly detected the target word fewer times in the across-AP condition than in the within-AP condition, and this difference tended to increase with improved proficiency in French. The L2 learners' false alarms, especially those of the mid-level L2 learners, might have been exacerbated by the time pressure that was imposed on them, which was necessary to ensure they would incorrectly detect the target word.
A linear mixed model conducted on native speakers' proportion of alarm rates revealed a significant effect of prosodic information (F [1,236] = 14.51, p < .001).
A similar linear mixed model on L2 learners' proportion of false alarms also r evealed a significant effect of prosodic information (F [1,605] = 19.67, p < .001) and a significant effect of proficiency (F [1,26] = 5.97, p < .022), but no interaction between prosodic information and proficiency (F [1,605] = 1.92, p = .167), indicating that the high-level L2 learners did not show a significantly larger effect of prosodic information than the mid-level L2 learners. These results suggest that both the native and non-native French listeners used prosodic cues in the predicted direction for detecting word-final boundaries.
In order to investigate the relationship between the participants' proportion of false alarms and the acoustic cues in the monosyllabic nouns, three linear regressions were performed on the proportion of false alarms, with acoustic cue (duration and intensity of the monosyllabic noun, and mean F 0 of the vowel in the monosyllabic noun), group (mid L2, high L2, natives), and the interaction between the prosodic cue and group as predictors. 7 For the three models, the only predictor that reached significance is the acoustic cue × group interaction (duration: r 2 = .31, p < .001; intensity: r 2 = .21, p < .001; F 0 : r 2 = .28, p < .001). Subsequent linear regressions were thus computed separately for each group, with duration, intensity, and F 0 values entering the models in a stepwise fashion. These linear regressions are plotted in Figure 3 .
These analyses yielded significant relationships between the native listeners' and high-level L2 learners' proportions of false alarms and the duration values (respectively, r 2 = .15, p < .001; r 2 = .12, p < .004), between the mid-level L2 learners' proportions of false alarms and the intensity values (r 2 = .08, p < .023), and between the native listeners' proportion of false alarms and the F 0 values (r 2 = .13, p < .002).
Although the r 2 values reported above are rather low, the results suggest that whereas the native French listeners used both duration increase and F 0 rise to identify word-final boundaries in continuous speech, the high-level L2 learners used only duration increase, and the mid-level L2 learners used only intensity increase. It is unclear why the mid-level L2 learners did not also rely on duration, given that it is correlated with prominence in English and it is an important cue to word-final boundaries cross-linguistically. One possibility is that they had poorer listening skills than the high-level L2 learners, and thus had more difficulty detecting s yllable boundaries in continuous speech. This could have led them to rely on i ntensity as a cue to accented syllables rather than on duration as a cue to wordfinal boundaries (in this case, only the latter required listeners to detect syllable boundaries).
Summary
The results of Experiment 1 showed that the L2 learners used prosodic information to recognize words in continuous speech, indicating that they were able to associate prosodic cues with word-final boundaries in French. Yet, unlike native French listeners, they did not appear to rely on F 0 rise to detect word-final syllables. B ecause both duration and intensity cues coincided with F 0 cues in our stimuli, the L2 learners did not need to rely on F 0 rise to hear word-final boundaries in French. One might argue on the basis of our results, then, that the high-level L2 learners did not necessarily perceive French accented syllables as such. Since duration is a reliable cue to word-final boundaries in English, irrespective of whether the wordfinal syllable is stressed, the high-level L2 learners might have heard the accented monosyllabic noun as a word-final syllable simply because of its longer duration. Notice that this cannot be true of the mid-level L2 learners, however, as increased intensity is not a cue to word-final boundaries in English. This means that the midlevel L2 learners must have perceived the monosyllabic nouns in the across-AP condition as accented. Since these learners were clearly less advanced in French than the high-level L2 learners (see Table 1 ), we believe that the high-level L2 learners also perceived the monosyllabic nouns in the across-AP condition as a ccented. What both groups have yet to accomplish is to use the correct mapping between F 0 rise and word-final boundaries.
Experiment 1 only provides indirect evidence that English listeners cannot use F 0 rise to locate word-final boundaries in French, however. It remains to be seen whether L2 learners would be able to use F 0 rise in resynthesized stimuli where it is the only cue to word-final boundaries. In the absence of other cues, it is possible that L2 learners' speech segmentation would benefit from F 0 rise. On the other hand, since increased duration and F 0 rise both characterize AP-final syllables in French, L2 learners may not ever attend to F 0 as a cue to word-final boundaries, instead relying on duration. Experiment 2 sheds further light on these issues by examining whether English L2 learners of French can use F 0 cues irrespective of duration cues. The stimuli from the across-AP and within-AP conditions of Experiment 1 were manipulated such that the pitch contour of the first four syllables (e.g., le chat lépreux) in the across-AP and within-AP conditions were swapped. This made it possible to examine the effect of F 0 rise independently of duration increase.
Experiment 2
5.1. Method 5.1.1. Participants Twelve native French listeners (mean age: 29.2, SD: 3.7) and 24 native English speakers (mean age: 21.6, SD: 2.7) at mid and high proficiencies in French participated in this study. They were undergraduate and graduate students at a Midwestern university. The participants had normal or correctedto-normal vision and did not report hearing impairment. They received financial compensation in return for their participation.
The L2 learners had also completed at least four semesters of French at the time of the study, and most of them had little exposure to French before the onset of puberty. Their proficiency in French was identified with the help of the same cloze test as in Experiment 1. The participants were evenly divided into two proficiency groups (mid, high) on the basis of their cloze test scores. Again, most of the participants in the mid-level group were third-year undergraduate students in French, whereas most of the participants in the high-level group were graduate students in French (who teach first-and second-year French classes).
The participants also completed a language background questionnaire in which they specified relevant biographical information. For L2 learners, this information again included their age of first exposure to French, their number of years of i nstruction on French, the number of months they spent in a French-speaking e nvironment, and their percent weekly use of French. The L2 learners' cloze test scores and their biographical information are provided for each proficiency group in T able 4.
A MANOVA conducted on the L2 learners' language background information, with proficiency level as between-subject variable, reveals a significant effect of proficiency (F [4,18] Two other MANOVAs were conducted on the cloze test scores and language background information of the L2 learners in Experiments 1 and 2 (one for the mid-level L2 learners and one for the high-level L2 learners), with experiment as between-subject variable, to determine whether the mid-and high-level p articipants in the two experiments had significantly different proficiencies. For these analyses, the alpha level was adjusted to .025 (Bonferroni correction for two comparisons -one for the mid-level L2 learners and one for the high-level L2 learners). For the mid-level learners, the analysis did not reach significance (F < 1). For the highlevel learners, the analysis revealed a marginally significant difference between the two groups (F [5,19] These results indicate that whereas the mid-level L2 learners in the two experiments were at similar proficiencies, the high-level L2 learners in Experiment 2 used French less often than those in Experiment 1, and they showed a tendency toward having a lower proficiency than those in Experiment 1, even though they had first been exposed to French at a slightly earlier age. These differences will be considered when appropriate in the interpretation of the results.
Materials
The participants again heard sentences in which a target word was created segmentally between a monosyllabic word and the first syllable of the disyllabic adjective following it (e.g., chalet 'cabin' in chat lépreux 'leprous cat'). As in Experiment 1, in the natural across-AP condition, the monosyllabic word received a pitch accent, and the target word crossed an AP boundary (e.g.,
[[Le chat] AP [lépreux et légendaire] AP ] PP s'endort doucement '
The leprous and legendary cat is slowly falling asleep'). The first AP contained an LH* tonal pattern, with the L tone belonging to either a phrase-initial accent or a pitch accent and the H* tone belonging to a pitch accent. In the within-AP condition, the pitch accent instead fell on the last syllable of the post-nominal adjective (e.g., [[Le chat lépreux] AP ] PP s'endort doucement 'The leprous cat is slowly falling asleep'). The AP in this condition contained an LLH* tonal pattern, with the first L tone belonging to a phrase-initial accent and the LH* tones belonging to a pitch accent. Two additional conditions were created by resynthesizing the speech stimuli such that the F 0 contour of the first four syllables in the stimuli would be swapped between the two experimental conditions. The first four syllables of the resynthesized across-AP sentences thus contained the F 0 contour of the corresponding syllables in the within-AP condition, and the first four syllables of the resynthesized within-AP sentences contained the F 0 contour of the corresponding syllables in the across-AP condition. This manipulation resulted in stimuli that exhibited a four-way contrast in the cues they provided to word-final boundaries: (1) the natural within-AP stimuli did not contain F 0 or durational cues to word-final boundaries (as compared to the other conditions); (2) the resynthesized within-AP s timuli contained F 0 cues to word-final boundaries; (3) the resynthesized across-AP s timuli contained durational cues to word-final boundaries; and (4) the natural across-AP stimuli contained both F 0 and durational cues to word-final boundaries. Since the participants were at ceiling on the control condition in Experiment 1, Experiment 2 included only the natural and resynthesized across-AP and within-AP conditions. Thirty-two of the 36 test items from Experiment 1 were used in Experiment 2. The participants were assigned to one of four lists and saw each experimental item in only one condition (total: 8 items per condition). The experimental items were interspersed with 45 distracter items from Experiment 1, of which 5 were practice items. Half of the trials in the experiment (including both experimental and distracter items) contained the target word, and half did not. 8 The experimental stimuli used from Experiment 1 were resynthesized using close-copy stylization (e.g., Pijper 1983 ). The first four syllables of the experimental items were divided into 20 segments each, and the average F 0 of each segment was extracted. The existing pitch points in each segment were then dragged vertically using the Pitch Synchronous OverLap-Add (PSOLA) method in Praat (Boersma and Weenink 2004 ) so that they would approximate the value of the extracted average in the corresponding segment of the opposite condition. After the initial resynthesis, the pitch contours of the natural and resynthesized conditions were examined very closely, and resynthesized contours that were judged not to be sufficiently similar to the natural contours of the opposite condition were altered so that they would approximate them. Once the contours were judged to be satisfactory, a stop Hann-band filter from 500 to 1000 Hertz with a smoothing of 100 Hertz was applied to all the stimuli to mask the occasionally robotic sound that resulted from the F 0 manipulation. This filter did not noticeably affect the segmental quality of the stimuli. Figure 4 shows an example of natural and resynthesized stimuli in the across-AP and within-AP conditions. Again, acoustic analyses of the first two syllables in the stimuli (e.g., le chat in the experimental conditions) were performed in Praat (Boersma and Weenink 2007) . For each syllable, the duration and intensity were measured, and for each vowel within these syllables, the average and peak F 0 were measured. Table 5 provides the duration and amplitude measurements for the syllables and the F 0 measurements for the vowels in these syllables. 9 Repeated-measures ANOVAs were performed on the acoustic measurements of the first two syllables in the four conditions, with prosody (across-AP, within-AP) and resynthesis (no, yes) as within-item variables. In these analyses, the alpha level was adjusted to .025 (Bonferroni correction for two comparisons -Syllable/ Vowel 1 and Syllable/ Vowel 2). For duration, the analyses revealed a significant effect of prosody only on Syllable 2 (F [1,31] = 22.18, p < .001; all other F's < 1). For the intensity of Syllable 1, the analyses revealed a significant effect of resynthesis (F [1,31] = 31.58, p < .001; prosody: F [1,31] = 4.225, p = .048; prosody × resynthesis: F < 1), and for the intensity of Syllable 2, they r evealed a Subsequent paired-samples t-tests were performed on the intensity and F 0 v alues for which significant interactions were found. For these comparisons, the alpha level was adjusted to 0.008 (Bonferroni correction on alpha 0.025 for four posthoc comparisons -the natural vs. resynthesized across-AP conditions, the natural vs. resynthesized within-AP conditions, the natural across-AP vs. within-AP conditions, and the resynthesized across-AP vs. within-AP conditions). The results, presented in Table 6 , revealed effects of prosody and resynthesis on the mean F 0 255 (4) 186 (3) 188 (3) 255 (5) Peak F 0 (Hz) Vowel 1 (e.g., e in le) 203 (4) 192 (3) 194 (2) 199 (3) Vowel 2 (e.g., a in chat)
280 (5) 190 (3) 194 (3) 275 (5) Note. Mean (standard error). and peak F 0 values of Syllable 2 for all pairs, an effect of resynthesis on the peak F 0 value of Syllable 1 and on the intensity value of Syllable 2 in the across-AP conditions, and an effect of prosody on the intensity values of Syllable 2 in the resynthesized conditions. 10 These analyses indicate that both duration and F 0 distinguished the naturally recorded across-AP and within-AP conditions, but only intensity and F 0 distinguished the natural conditions from the resynthesized ones, and this acoustic information was signaled largely by Syllable/ Vowel 2.
Procedures
The procedures used in Experiment 2 were exactly the same as those used in Experiment 1.
Data analysis and predictions
Again, the results will be reported as false alarm rates. Linear mixed models were performed in SPSS, with prosodic information (across AP, within AP) and resynthesis (no, yes) as fixed within-subject variables and with participants and test items as random variables. The native and non-native listeners' data were analyzed separately due to the uneven number of participants in each group. For the non-native group, proficiency also entered the model as a fixed between-subject variable. If the participants parse accented syllables as word-final, they should show fewer false alarms in the across-AP condition than in the within-AP condition, as they did in Experiment 1. Furthermore, if they are sensitive to F 0 rise as a cue to word-final boundaries, they should show fewer false alarms in the resynthesized within-AP condition, where the first four syllables contained the pitch contour of the across-AP condition, than in the natural within-AP condition. Since the resynthesized across-AP condition contained durational cues to word-final boundaries, it may not generate higher false alarms than the natural across-AP condition, which contained both durational and F 0 cues to word-final boundaries. Note that since the two natural conditions were not resynthesized, they may generate higher accuracy rates (thus fewer false alarms) than the resynthesized conditions. Finding an interaction between prosodic information and resynthesis, with fewer false alarms in the resynthesized within-AP condition than in the natural one, is thus crucial for the resynthesis manipulation to demonstrate the predicted effect of F 0 rise on speech segmentation. Figure 5 presents the native and non-native listeners' proportion of false alarms in each of the conditions. As can be seen from these results, the native listeners and high-level L2 learners incorrectly detected the target word fewer times in the across-AP condition than in the within-AP condition, but the mid-level L2 learners showed the reverse pattern. Furthermore, only the native listeners showed an effect of resynthesis, and they did so only in the within-AP condition.
Results
Linear mixed models on the native listeners' false alarm rates revealed a significant effect of prosody (F [1,369] = 6.5, p < .011) and a marginally significant interaction between prosody and resynthesis (F [1,369] = 3.4, p < .065; resynthesis: F [1,369] = 1.3, p < .248). Separate linear mixed models were thus performed on the across-AP and within-AP conditions. For these comparisons, the alpha level was adjusted to .025 (Bonferroni correction for two comparisons -the across-AP and within-AP conditions). These analyses revealed a marginally significant effect of resynthesis only in the within-AP conditions (F [1,179] = 4.6, p = .034). These results indicate that native listeners made fewer incorrect detections of the target word when it crossed an AP boundary than when it did not, and in the within-AP conditions, they made fewer incorrect detections of the target word when the s timuli had the F 0 of the across-AP condition (where the monosyllabic word was accented) than when they had their natural (unaccented) prosody.
Linear mixed models on L2 learners' false alarm rates, with prosody, r esynthesis, and proficiency (mid, high) as fixed variables and with participant and item as random variables, revealed a significant interaction between prosody and proficiency (F [1,738] = 9.7, p < .002; all other F's < 1). Separate linear mixed models were thus performed on each group. For these comparisons, the alpha level was adjusted to .025 (Bonferroni correction for two comparisons -the mid-level and high-level L2 learners). These analyses revealed significant effects of prosody for both the mid-level L2 learners (F [1,369] = 4.8, p < .029) and the high-level L2 learners (F [1,369] = 4.9, p < .027; other F's < 1), with the only the high-level L2 learners showing the effect in the predicted direction. These results indicate that unlike the native listeners and high-level L2 learners, the mid-level L2 learners made more i ncorrect detections of the target word when it crossed an AP boundary than when it did not, and neither L2 group was influenced by the resynthesis manipulation.
Summary
The results of Experiment 2 confirm that native French listeners identify wordfinal boundaries at the offset of accented syllables, and they can use F 0 rise alone as a cue to word-final boundaries. The flattening of the pitch contour in the resynthesized across-AP stimuli did not increase the false alarm rates, probably because the duration of the accented syllable in these stimuli had not been altered, and thus provided a cue to word-final boundaries that native listeners were also able to e xploit. On the other hand, neither L2 group was able to use F 0 rise alone as a cue to word-final boundaries in French. Furthermore, whereas the results of the highlevel L2 learners in Experiment 2 patterned with those of the high-level L2 l earners in Experiment 1, the results of the mid-level L2 learners in the two experiments were in opposite directions, with the mid-level learners in Experiment 2 showing more false alarms in the natural across-AP condition than in the natural within-AP condition. These results are somewhat surprising in light of the fact that the two mid-level L2 groups were not found to have significantly different proficiencies, either in their cloze test scores or in their language experience in French.
Let us now turn to a discussion of these results and their implications for understanding the development of L2 speech segmentation.
General discussion
Non-native listeners exposed to a new language are faced with the task of tracking the linguistic and probabilistic cues that coincide with word-initial and word-final boundaries. Segmenting speech into words cannot be only a by-product of lexical access, as the sound processes that blur word boundaries would otherwise make word recognition much more difficult than we know it to be in native listeners. To parse a language rapidly and efficiently, non-native listeners need to exploit information from various sources in order to predict the likelihood that a given word will be uttered, and use this information to facilitate lexical access.
The questions that motivated the present study are whether English listeners can use prosodic information when recognizing words in French, and how their use of this information unfolds as their proficiency in French increases. Not only are E nglish and French different in their placement of accented syllables in the word (which tend to be word-initial in English but phrase-, and thus word-, final in French), but the acoustic cues to word boundaries also differ between the two languages, such that duration increase is a reliable cue to word-final boundaries in both languages but F 0 rise is a reliable cue to word-final boundaries only in French. English L2 learners of French must therefore learn to parse the F 0 rise associated with pitch accents as occurring on word-final syllables. At least two additional factors can make this process difficult: Because duration is a reliable cue to word-final boundaries in French, English L2 learners of French may not need to attend to F 0 rise as another cue to word-final boundaries in French; and F 0 rise can also be i ndicative of phrase-initial accents, and thus of word-initial boundaries, in French (Jun and Fougeron 2000, 2002; Welby 2006) , potentially making it challenging for L2 learners to distinguish between the two types of accents.
The present study has shown that when a French syllable is accented, and thus has both a higher F 0 (coupled with higher intensity) and a longer duration, it is less likely to be parsed by native listeners and high-level L2 learners as a word-initial syllable than when it is unaccented. This indicates that both native listeners and high-level English L2 learners of French use prosodic information to segment French into words. The results of the mid-level L2 learners in Experiment 2, though not those of the corresponding learners in Experiment 1, suggest that b efore this seemingly native-like use of prosodic information takes place, English L2 learners of French go through a stage during which they parse accented syllables as word-initial rather than as word-final, as we might predict they would do on the basis of their native language (e.g., Cutler and Butterfield 1992; McQueen et al. 1994; Mattys 2004) . This means that in earlier stages of development, these L2 learners indeed use F 0 rise, but as a cue to word-initial boundaries rather than word-final boundaries.
What remains unclear is why the mid-level L2 learners in the two experiments patterned differently. On the one hand, although cloze tests are an excellent measure of global proficiency (for discussion, see Tremblay 2011), they are completed in the written modality, unlike the experiments in the present study. This difference of modality can be considered an advantage in that cloze tests are not circular with oral experiments. However, perhaps such written tests do not capture sufficient variability in L2 learners' oral proficiency. On the other hand, language b ackground information such as that collected in the present study relies on self-reported data, which may not always be sufficiently precise. Oral measures of proficiency (e.g., oral proficiency interviews) would have been more difficult to administer, but they might have helped capture proficiency differences between our two mid-level groups that the cloze test and language background information did not capture. Hence, studies investigating speech perception and processing should perhaps use oral (in addition to written) proficiency measures, ones that are nonetheless not circular with the abilities tested by the experimental paradigms.
The results of the present study also indicate that native French listeners and English L2 learners of French rely on different acoustic cues of prominence to l ocate word-final boundaries in continuous speech: Whereas native French l isteners rely on both F 0 rise and duration increase, as has been found in previous studies (e.g., Banel and Bacri 1994; Bagou et al. 2002; Christophe et al. 2004) , English listeners appear to use only duration and, to some extent, intensity, to locate wordfinal boundaries in French, as indicated by the regression analyses performed in Experiment 1 and the results of the resynthesized conditions in Experiment 2. These findings are in line with those of Tyler and Cutler (2009) , who showed that French listeners, but not English listeners, use F 0 rise as a cue to word-final boundaries. Our results also pattern similarly to those of Kim et al. (2012) , who found that upon initial exposure to an artificial language, Korean listeners, but not Dutch listeners, associate F 0 rise to word-final boundaries. Of course, assuming that it is more difficult to use new (i.e., L2) cue-to-word-edge mappings than older (i.e., native language) ones, it is also possible that the L2 learners in our study were not able to use F 0 rise as a cue to word-final boundaries because of the time pressure that was imposed on them.
Although it remains to be seen whether English L2 learners of French would be able to associate F 0 rise to word-final boundaries at more advanced proficiencies or in experimental paradigms where they are not put under time pressure, our findings suggest that these L2 learners may in fact not be able to attain this ability. This may be due to the fact that duration also signals word-final boundaries in French. Carroll (2004) proposes that in order for L2 learners to restructure their prosodic representations, parsing failure must first take place. Using the F 0 rise associated with pitch accents as a cue to word-initial boundaries in French would clearly trigger parsing failure, as L2 learners would segment accented syllables as wordinitial syllables rather than as word-final syllables. By contrast, repressing the use of this F 0 rise as a cue to word-initial boundaries and using only duration increase as a cue to word-final boundaries would be an efficient parsing strategy and yield what appears to be a native-like segmentation of the speech stream, even if L2 learners would not extract the same prosodic cues from the speech signal as native listeners do. In their study on the use of rhythmic cues in speech segmentation, proposed that bilinguals may only be able to repress processing routines from the dominant language that are inefficient for parsing the weaker language; in other words, they may not be able to create new processing routines.
Our results are also consistent with this proposal: L2 learners can repress the use of F 0 rise as a cue to word-initial boundaries, but they are unable to map F 0 rise to word-final boundaries. We suggest, however, that this mapping problem is due in part to a lack of functional necessity (since duration can signal word-final boundaries in French) and in part to the lack of reliability of F 0 rise as a cue to word-final boundaries (since it can also signal word-initial boundaries in French), rather than to an inherent failure to create new processing routines. Research focusing on a different pairing of native and target languages, in which a given prosodic cue to word boundaries is used in the target language and does not coincide with another prosodic cue from the native language, should elucidate this issue. For example, one could examine Korean listeners' use of F 0 rise as a cue to word-initial boundaries in English, where F 0 rise ( but not duration increase) is a cue to word-initial boundaries in English but not in Korean.
Another interesting finding of our study is that both native French listeners and English L2 learners of French use prosodic information (albeit differently) even if lexical information is not degraded or absent. This may be due in part to the fact that the participants were put under time pressure while completing the e xperiment, thus increasing the likelihood that they would rely on non-segmental information for resolving temporary lexical ambiguities in the speech stream. Mattys et al. (2005) proposed that speech segmentation proceeds according to a hierarchy of cues, with cues such as lexical information overriding cues such as stress and prosody; "lower-level" cues have a stronger effect on word recognition when "higher-level" cues are not available, and they reduce ( but do not eliminate) the effect of "higher-level" cues if they conflict with them. The efficiency of cues within each level depends on their reliability for identifying word boundaries, which is computed by statistical learning mechanisms (see also Saffran et al. 1996; Saffran 2001) . The less variable and more reliable nature of "higher-level" cues as compared to "lower level" cues (among other factors) contributes to explaining the nature of the proposed hierarchy. Increasing evidence in support for it is emerging from the processing literature (e.g., Mattys et al. 2005; Mattys, Melhorn, and White 2007; White et al. 2010 ; see also Norris, M cQueen, and Cutler 1995) . To the extent that our participants resolved temporary lexical ambiguities with prosody as a result of being put under time pressure, our findings are in line with this hierarchy, and suggest that prosodic information also constrains non-native listeners' speech segmentation. Importantly, our results could not be attributed to the L2 learners' familiarity with the target words or to lexical frequency effects, as the participants monitored the exact same word in the across-AP and within-AP conditions. The paradigm we used was thus excellent for teasing apart prosodic effects from lexical ones.
Of course, this research is not without limitations. Testing more advanced E nglish L2 learners of French would answer some of the questions that the present study was unable to address. One other direction for this work would be to compare L2 learners' ability to use F 0 rise in both pitch accents and phrase-initial a ccents for segmenting speech into words. Whereas (non-sentence-final) pitch a ccents have a steep rise and are anchored to specific syllables (i.e., the last nonschwa syllable of the AP), phrase-initial accents have a more gradual F 0 rise, which (when present) is not always anchored to the same syllable in the word, a lthough it tends to be word-initial (Jun and Fougeron 2000, 2002; Welby 2003 Welby , 2006 . It would be quite revealing to examine non-native listeners' ability to use both these rises for locating, respectively, word-final and word-initial boundaries in continuous speech. We might predict that L2 learners would suppress their use of F 0 rise as a cue to word-initial boundaries, but only when the rise is steep (as in pitch accents), not when the rise is more gradual (as in phrase-initial accents). This would suggest that L2 learners can use fine-grained prosodic information for locating word boundaries in continuous speech. Further research should establish whether this is indeed the case.
Conclusion
The present study investigated English and French listeners' use of prosodic information in the segmentation of French speech. The results of two word-monitoring experiments under time pressure confirmed that both the native and non-native listeners used prosodic information to identify word-final boundaries in French, but they extracted different cues from the speech signal, with the native listeners relying on F 0 rise and with the L2 learners relying on duration and intensity i ncreases. We suggested that L2 learners' inability to map F 0 rise to word-final boundaries is due to: (1) their native language, in which F 0 rise is a reliable cue to word-initial boundaries but not word-final boundaries; (2) the co-occurrence of F 0 and duration cues in word-final syllables in French, rendering L2 learners' use of F 0 rise unnecessary for locating word-final boundaries; and (3) the marking of word-initial boundaries by F 0 cues in French, thus making it difficult for nonnative listeners to tease the two types of F 0 rise apart. Further research should e xamine whether L2 learners at near-native levels of proficiency can in fact use F 0 rise as a cue to word-final boundaries, and whether they treat pitch accents differently from phrase-initial accents when segmenting the speech stream. bal'). However, since the same target words were used across conditions, this different pronunciation of the two vowels should not differentially affect the false alarm rates in across-AP vs. within-AP conditions. 5. An anonymous reviewer suggested that the first AP in the across-AP condition must have been recorded with a single hybrid LH* rise, with the L tone belonging to a phrase-initial accent and thus potentially signaling a word-initial boundary. We recognize that this is a possibility. If it did belong to a phrase-initial accent and signaled word-initial boundaries, however, we might expect as many or more incorrect detection of chalet in the across-AP condition than in the within-AP condition (where the two consecutive LL tones would not provide a cue to word-initial boundaries), contrary to fact (see the results section). 6. The higher peak F 0 on Syllable 1 (e.g., le) in the across-AP condition than in the within-AP condition could potentially cue the listeners to the word-initial boundary, but the results again suggest that this is not the case (see note 4). 7. The peak F 0 of the vowel in the monosyllabic noun was not included in these analyses, because it did not explain a significant amount of variance in the participants' false alarms. 8. Because the experiment did not include a control condition in which the target word was present, a smaller number of distracter items from Experiment 1 were used so that half of the test items would contain the target word and half would not. 9. The values reported for the natural stimuli in Table 5 are slightly different from those reported for the corresponding stimuli in Table 2 , because not all stimuli from Experiment 1 were used in Experiment 2. 10. Again, the values of the statistical analyses reported for the natural stimuli in Table 6 are slightly different from those reported for the corresponding stimuli in Table 3 , because not all stimuli from Experiment 1 were used in Experiment 2.
